Bacterial cold water disease, enteric red mouth disease and frunculosis are the common bacterial diseases of fish worldwide. The etiologic agents of these diseases are Flavobacterium (F.) psychrophilum, Yersinia (Y.) ruckeri and Aeromonas (A.) salmonicida subsp. salmonicida, respectively. In this study, a multiplex polymerase chain reaction (m-PCR) method with YER8/10-Fer3/4-FP1/3 primer pairs which can identify these fish pathogens simultaneously was developed and optimized. In optimized conditions, neither false specific nor nonspecific amplification occurred. The detection limits of the m-PCR method using DNA extracts from dilutions of pure cultures of bacteria were 35 pg for Y. ruckeri and F. psychrophilum and 70 pg for A. salmonicida subsp. salmonicida. It was determined that 15 CFU Y. ruckeri and F. psychrophilum and 30 CFU A. salmonicida subsp. salmonicida could be detected by m-PCR developed using genomic DNA extracted from dilutions of the suspensions. The detection limits in the presence of tissue debris were 125 CFU for Y. ruckeri and F. psychrophilum and 250 CFU for A. salmonicida subsp. salmonicida. In conclusion, we submit that the m-PCR method developed and optimized in this study can be used for accurate and rapid identification of these bacteria.
Introduction
Aquaculture is an emerging industrial sector that requires more research with scientific developments and innovation. Under intensive aquaculture conditions, the risk of stress increases and a significant proportion of stock may become infected. Healthy looking fish without any clinical signs or lesions can carry some pathogens and create a serous risk for spread of contagious diseases in fish populations. Bacterial cold water disease, enteric red mouth disease and frunculosis caused by Flavobacterium (F.) psychrophilum, Yersinia (Y.) ruckeri and Aeromonas (A.) salmonicida, respectively, are common major contagious diseases worldwide in culture fisheries of salmonids. These diseases also have significance in respect of considerable economic losses [1, 3] .
Flavobacterium psychrophilum, a fastidious Gram negative agent, causes cold water disease and affects mainly salmonids (Oncorhynhus mykiss) and coho salmon (Oncorhynhus kisutch). Although its cultivation from fish tissues is performed on agar media and identified using some biochemical and serological techniques, correct identification based on phenotypic characteristics is reported to be difficult and time consuming [4, 17] . Polymerase chain reaction (PCR) has also been used to detect Flavobacterium species [4] . Enteric red mouth disease, caused by Y. ruckeri, is a septicemic disease occurring primarily in salmonids. However, there have also been reports of nonsalmonids being affected. Several stress factors are important determinants in the development of this infection. Clinically healthy fish may be carriers of this pathogen for transmission to other fish [12] and biochemical tests and immunological assays have been used for its identification. In addition, PCR can be used to detect Y. ruckeri in some internal organs and feces [2] . A. salmonicida causes Frunculosis, a disease characterized by muscle lesions and associated skin ulcers and septicemia. A. salmonicida is commonly isolated from both salmonids and nonsalmonids [9] . Different diagnostic methods such as ELISA, agglutination tests and PCR have been used to detect this infection [2, 10, 12] .
Selective culture, standard biochemical methods, and serological and histological examinations have traditionally [1, 10] . Thus, it is obvious that a more cost effective, sensitive and specific system is required for detection of these fish pathogens. Such a system would also be useful for surveillance and monitoring fish populations. Recently, molecular biological methods such as PCR, restriction enzyme digestion and probe hybridization have improved diagnostic sensitivity and specificity. These methods allow more rapid and accurate identification of asymptomatic or carrier fish. More recently, the use of multiplex PCR (m-PCR) has provided rapid and highly sensitive methods for the specific detection of pathogenic microorganisms in the aquatic environment. Furthermore m-PCR assay is more rapid and cost-effective than simplex PCR [3, 10, 13] . However, while m-PCR has been shown to be a valuable method for the identification of several 
Materials and Methods

Bacterial strains and culture conditions
Taxonomically related and unrelated bacterial strains used to evaluate m-PCR method in this study are presented in Table 1 . Trypticase soy broth (TSB) and trypticase soy agar (TSA) were used for cultivation of Aeromonas spp. and Yersinia spp. For cultivation of Flavobacterium spp., enriched Anacker-Ordal agar (EAOs, 0.5% tryptone, 0.05% yeast extract, 0.02% sodium acetate, 0.02% beef extract, 5% horse serum with 1.5% agar, pH 7.2∼7.4) was used [14] . Aeromonas salmonicida subsp. salmonicida was incubated at 17 
PCR conditions
DNA extractions from strains were performed using a commercial extraction kit (Omega Bio-Tek, USA) based on filtration through a spin colon as per the manufacturer's recommendations. The oligonucleotide primer sets used in the experiments were designated according to the references presented in Table 2 . The oligonucleotides used for each microorganism in the M-PCR assay were synthesized by Fermentas (Lithuania). The expected size of PCR products with these primers are also presented in Table 2 . Three experiments were performed to establish the specificity of the m-PCR assay using different combinations of these primer sets specific for Y. ruckeri, A. salmonicida subsp. salmonicida and F. psychrophilum. In the first experiment (Trial 1) YER8/10, PAAS1/2 and FP1/3 were used. Ruck1/2, PAAS1/2, FP1/3 primer sets and YER8/10, Fer3/4, FP1/3 primer sets were used in the second (Trial 2) and the third experiments (Trial 3), respectively. To evaluate the specificity of m-PCR assay, genomic DNA from three bacteria (A. salmonicida subsp. salmonicida ATCC 33658, F. psychrophilum DSMZ 3660 and Y. ruckeri ATCC 29473 strains) and some different taxonomically and/or ecologically related or unrelated bacteria (Table 1) were used.
In these experiments, 25 μL of PCR master mix was prepared containing DEPC-treated water, 1× PCR buffer, 2 mM of MgCl 2 , 0.2 mM of each dNTP, 1.5 U of Taq polymerase, 1 mM of each primer and 3 μL template DNA. 
Sensitivity of the m-PCR assay
For the evaluation of the sensitivity of m-PCR, the minimum detectable amounts of DNA in m-PCR were detected for A. salmonicida subsp. salmonicida ATCC 33658, F. psychrophilum DSMZ 3660 and Y. ruckeri ATCC 29473 strains. After extraction of DNA, the genomic DNA concentration of each strain was measured using a spectrophotometer and adjusted to 35 ng/mL. Serial dilutions of each DNA strain were prepared with sterile distilled water at concentrations ranging from 35 ng/mL to 1.7 pg/mL. Aliquots of 5 μL of each dilution of genomic DNA were mixed with the respective aliquots of the other 
Results
Specificity of m-PCR assay
The m-PCR method was developed to detect three bacteria, Y. ruckeri, A. salmonicida subsp. salmonicida and F. psychrophilum simultaneously using different combinations of the five specific primer pairs and the specificity of this method was evaluated in three different m-PCR trials as follows.
In Trial 1, the expected sizes of the PCR products were obtained using the primers mentioned above. (Fig. 1) . A. salmonicida subsp. salmonicida strains which could not be detected in the two other trials were successfully detected in this trial. None of the strains used in this study showed false negative or non-specific bands. Fer3/4 primers used for Aeromonas salmonicida subsp. salmonicida strains were determined to have more specificity than PAAS1/2 primers. At the end of this protocol, all strains used in this study were detected to give amplicons with their specific primer sets and not to give false specific or non-specific bands. Y. ruckeri, A. salmonicida subsp. salmonicida and F. psychrophilum could be detected in a shorter time with this new protocol. To optimize the oligonucleotide primers, we used 1, 0.8, 0.5, 0.3, 0.1 and 0.05 μM concentrations of each primer. The expected bands were observed even at the minimum 0.05 μM concentration of primers. However, we detected that A. hydrophila strain No. 28 gave a 575 bp product specific to Y. ruckeri at ＜1 μM concentration of primer and also gave a 452 bp product specific to A. salmonicida subsp. salmonicida at ＜0.5 μM concentration of primer. Thus, the optimal primer concentration was considered to be 1 μM.
Optimization of m-PCR assay
In the optimization study for Taq polymerase, we used 1 μM of each oligonucleotide primer and 0.35, 0.25, 0.15, 0.1, 0.05 and 0.02 U of Taq polymerase. We observed that Y. ruckeri and A. salmonicida subsp. salmonicida could be detected with 0.05 U Taq polymerase, while F. psychrophilum could be detected with 0.15 U Taq polymerase. Furthermore the minimum concentration of Taq polymerase used in the simultaneous detection of these bacteria was found to be 0.15 U. The intensity of PCR bands observed was determined to be better at 0.25 U concentration of Taq polymerase. In the optimization of MgCl 2 , we used 1 μM of each oligonucleotide primer, 0.25 U of Taq polymerase and 2, 1.5, 1, 0.7, 0.4 and 0.2 mM of MgCl 2 . The minimum concentrations of MgCl 2 for simultaneous detection of these three bacteria were found to be 1 mM for Y. ruckeri and A. salmonicida subsp. salmonicida, and 1.5 mM for F. psychrophilum. Also, 2 mM of MgCl 2 was determined to produce a more intense band for each target DNA. Thus, 2 mM concentration of MgCl 2 was selected for optimal m-PCR condition. The best results were obtained with an initial denaturation of 25 μL PCR mixture containing DEPC-treated water, 1× PCR buffer, 2 mM MgCl 2 , 0.2 mM of each dNTP, 0.25 U Taq polymerase, 1 μM of each primer and 3 μL of template DNA at 94 o C for 3 min, followed by 30 cycles of amplification in which denaturation, annealing and extension temperatures were 94 o C for 45 sec, 60 o C for 45 sec and 72 o C for 45 sec, respectively, and a final extension step at 72 o C for 3 min (Fig. 1 ).
Sensitivity of m-PCR assay
The detection limits of DNA were found to be 35 pg of DNA for Y. ruckeri and F. psychrophilum, 70 pg of DNA for A. salmonicida subsp. salmonicida (Fig. 2) . (Fig. 3) . Also, the detection limit in the presence of tissue debris was found to be 125 CFU for Y. ruckeri and F. psychrophilum, and 250 CFU for A. salmonicida subsp. salmonicida (Fig. 4) .
Discussion
Aquaculture is currently one of the fastest growing food production system in the world. Under intensive aquaculture conditions the risk of stress increases and significant proportions of stock can become infected. Especially, healthy looking fish without any lesions or clinical signs of disease can carry some pathogens and create a serious risk for spread of contagious diseases in fish populations. The detection of pathogen carrier fish is thus essential for effective fish disease control. To detect carrier fish, a sufficiently sensitive, specific and costeffective system is required. Such a system could be useful in monitoring fish populations [1, 3] . Of all the primers evaluated for their specificity in Trials 1∼3, PAAS1/2 primers were shown to be less capable of detecting some A. salmonicida subsp. salmonicida strains than the Fer3/4 primers used in Trial 3. A nonspecific band also occurred with PAAS1/2. Therefore, we decided to discard these primer pairs. Ruck1/2 primers used for Y. ruckeri were also discarded because the molecular size of amplification products obtained using ruck1/2 and PAAS1/2 were too close not to allow discrimination of Y. ruckeri and A. salmonicida subsp. salmonicida. However, some researchers found no false positive results with PAAS1/2 in their PCR assays and these primers were specific for their target, A. salmonicida [1, 6] . Taking into consideration these previous results, the use of ruck1/2 and PAAS1/2 primers in the combinations of primer sets for Y. ruckeri and A. salmonicida subsp. salmonicida, respectively, was inevitably inappropriate for our m-PCR assay. At the end of Trial 3 which was intended to determine the specificity of YER8/10, Fer3/4 and FP1/3 primers, neither nonspecific nor false specific amplification product was observed. Therefore, these primers were proved to be specific under the conditions designed for this assay. DNA of neither closely related bacteria nor other unrelated bacteria used in this study were amplified in this multiplex assay. Thus, we demonstrated that this assay has a high specificity. Beaz-Hidalgo et al. [5] have also reported that Fer3/4 primers have high specificity to detect A. salmonicida. The YER 8/10 primers used in this study for amplification of Y. ruckeri in m-PCR system have also been reported to be adequate for specific detection of Y. ruckeri [8] .
In the m-PCR assay developed in this study, the detection limit was 15 CFU for Y. ruckeri and F. psychrophilum and 30 CFU for A. salmonicida subsp. salmonicida in pure cultures. The detection limits in the same protocol were 35 pg for Y. ruckeri and F. psychrophilum, and 70 pg for A. salmonicida subsp. salmonicida. The detection limit in the presence of tissue debris was found to be 125 CFU for Y. ruckeri and F. psychrophilum, and 250 CFU for A. salmonicida subsp. salmonicida. Byers et al. [6] have determined that the PAAS PCR had an in vitro sensitivity of 93%, and their 0.6% false negative rate might have been related to the primer target site which was believed to be present in approximately 90% of A. salmonicida isolates. In our study, of all 9 strains tested, 2 strains were unidentified in m-PCR assay using PAAS1/2, so 77.7% of the A. salmonicida strains tested in this study were identified correctly. Although Byers et al. [6] have stated the detection limit of PAAS PCR to be in the range 2 pg to 0.2 pg per PCR, we were unable to obtain as low as their values. Altinok et al. [1] have reported that the detection limits of A. salmonicida and Y. ruckeri which were 2 of 5 target bacteria for detection in a m-PCR assay were 1 CFU for A. salmonicida and Y. ruckeri in pure culture, and 5 and 4 CFU for A. salmonicida and Y. ruckeri, respectively, in the presence of fish tissue. Gibello et al. [8] have reported the detection limit of a single PCR procedure for Y. ruckeri to be 60∼65 cells per PCR mixture in culture, and 2 × 10 4 CFU/g in tissues. The detection limits in our study for Y. ruckeri were found to be lower.
There is growing interest in the diagnosis of important fish diseases in culture fisheries. The progress in molecular techniques aids the rapid identification of causative agents of these diseases. In conclusion, the m-PCR assay which developed in this study for the simultaneous detection of three major pathogens, Y. ruckeri, A. salmonicida subsp. salmonicida and F. psychrophilum, was proved to be highly specific for detecting these three bacteria. We submit that rapid and reliable identification of these bacteria can be achieved by this m-PCR assay.
